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the space telescopes and large membraneous 
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J-Bmer Corporation) (A symposium on support 
lomical mirrors, Tucson, Arizona, 09/12/66) 
Comprising a first storey with a mirror made 
tentary mirrors, a second storey containing 
% third storey for analysing the shape of the 
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tilS 4 093 351) describe membraneous mirrors 
face stiffened by means of electric oharges, 

>721). US priority 10/28/92, describes a 
stiffened by surface oharges, and shaped by 

by a rigide support. 
?42), priority 05/28/90, describes a system 
>rane dependant of a rigid support which 

182 569) envisage, for use in ultra-hight 
obtained by curing a rotating resin, 
rigid devices are very heavy. 
SffTION 

th three storeys 4, 5, 6, fold able to allow 
,> comprising a membraneous mirror 45, a 
£0 46 for shaping mirror 45, a cylindrical 
open textile tubular frame and protecting 

27), and light source 102 (Fig 4S). 
pd at one end. 

(Pig 1), the enveloppe 2 of the telescope has 
3. They are made as cylinders closed at one 
iposite material that oan be cured under 
any other already known means. 
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tfjtik other implementations (Fig 21, 27), tubular 
*f£extiie tubes 41, 42, 43 of a complexe annular 



-'tat rod uot ion of a gaz in the tubes, then 
ing by curing of a resin 54 situated in the 
the tube, or cured by means of ultraviolet 



10 



k The membraneous mirror 45. the actuating 
the case of a tubular frame, the protecting 
by spreading a liquid film 64 which hardens 
a liquid 61 contained in a oiroular container 62 
gxerttoal axis. 

actuating membrane 46 are tied together by 
ies flanges 46.4 or 46.9, either directly or 
96 mounted on chamber 18. 
A magnetic dipole 141 parallel to the optical 
fee one of the chambers of the telescope or on 



0.5* 
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Sitptemented by a spiral shaped surface design, 
itic effect when no current flows, and by 
v a our rent is present. 

168. The membranes are infolded, stiffened, 
by rotation. 

shape. The monitoring of the shape of the 
>r 45 is realised by a method of sagittal 
||re of the Foucault's method * 
&lght telescope. In order to train a telescope 
T, the lighting beam 103 has an accessary point 
with the image of the observed object, and 
type set-up fitted with a semi transparent 
mirror 101, this in order to allow the light 
IfiPing towards a control device, 
ft, through the displacement of the optical axis 
within the solid angle 77 which is centered on 
axis 39 of the telescope (Fig 13), a soanning of 
Without moving the telescope. 
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BRIEF DB^H!|^E^f OF THE FIGURES 

Fig. 1- Gut. W^^.hfww of telescope 1 with envelope 2 and jacket 3. 

Pig. 2- Biri^^p^fvfeVir of the telescope. 

Fig, 3* O^E^^^^w of the jacket with stiffening tubes. 

Fig. 4- Cut ^p|i-v4ew of the folding by telescopio invagination. 

Pig. S- Bird^gi^^ view of the folding by telescopic invagination. 

Pig. 6- Sc^^^^i vi?w of the folding spokes like. 

Pig. 7- BirrdS|^*- wtew of the folding spokes like. 

Pig. 8- BiPdF^5|p9 view of the scrolling of the spokes. 

Fig. 9- Bir^^^^l view of the folded telescope. 

Fig. 10- Cut ^.|^p view of the folded telescope. 

Fig. 11, 12^ for the folding in a spokes like manner. 

Fig. 13- Sc^^^^pf a solide angle. 

Fig. 14- GQ^^^i^iting. 

Fig. 15- B^^^| mounting. 

Fig. 16- Vtew||p$&e ring shaped image at minimum of aberration. 
Fig. 17- Im?ffl»^a|pi?ation by movable CCD. 
Fig. 18. iSi/^^^^A\ng of the mirror. 
Fig. 21- Qi^^^lname. 

Fig. 22-Birtf^^^| ^>5iew of two consecutive tubes 7. 
Fig. 23- Gttii^^^^l vi^w along the optical axis and tube 7. 
Fig. 24- BU^W#I view of the quadratic frame. 
Fig. 26- Vie^^i^n actuating electrode. 

Fig. 27- Ttfj^^^#ne in a plane containing optical axis and tube 

7. 

Fig. 26- Gu?t|;^^p view of a textile tube. 
Fig. 29*r Fj6|^^||^ tube. 
Fig. 30- F^E^^^flf the telescope. 
Fig. 31, 3 ^>^^^4^ Membrane on rotating liquid. 
Fig. 36- Vi^^^f^SNSaoe designs. 

Fig. 36. 37^ jaTid handle for handling of the membrane. 
Fig. 36- MgYti^^ri| With downward flanges. 
Fig. 39- Mei^^B# with upward flanges. 
Fig. 40. 41^^i^ai$ of a central flange. 
Fig. 42- Pos||g|nl£g of a central flange. 
Fig. 43- My$fjg|5ti$l membranes for actuating and protect ion. 
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containing and shaping electrodes, 
and Cassegrain mirror. 
Cassegrain mirror and tertiary mirror, 
centering two chambers. 
p£ the sagittal spot, 
alyser. 

the sagittal analysing device. 
Stacked screens. 




ent. 
-component . 

telescope, 
of the earth bound telescope. 

DETAliJSD _ 

First embt*|^^^^i cylindrical envelope closed at one end. 
The three *fcp!fys 4, 5, et 6 of telescope 1 are united by a 
cylindrical eftfflfcfaa 2 closed at one end* to which is associated a 
protecting 
Envelope 2 
either 

according t*t- 
Insufflation 
telescope 
In one s 
the tel 
Tubes 11 
elliptical by 
Truncated OP 
In a part 
the c 
or bl 

Vertical ty$ 
invention. 



folding. In a particular implementation of the 
diameter, centered, cylinder 14 (Fig 4) is 
i re folding either entirely or of such sufficient 
partial folding. 

after the first stage of folding. 



.|acket 3 have (Fig. 31) longitudinal tubes 7. 
_Jg$& ; fthe optical axis 39, or helicoidal 9 that can, 
i|i|fcrmer art, be stiffened by a gaz pressure. 
$ i^az will restore the original shapes of the 
and of its protective jacket, 
^mentation, the space between the jacket and 

by a ring 10. 
the openings which are maintened roughly 
of centering straps 12 and 13. 

cylindrical envelopes closed at one end. 
implementation, in order to facilitate folding, 
es closed at one end are slightly truncated 







manufactured 
length as to 
Bottom IS i\ 




02-02-1998 19:45 



05 



s/as 



US/08/809620 (TE980129) 



10 



IS 



10 



If 



30 



35" 



Whenever «Mp3gB$Meope envelope 2 is concerned, the three storeys 
4. 3. et 6 «Pi£tied to the Jacket by their arms before folding, or 
during the £^§|pijg (Fig. 4 and 5). 

Folding by @§(^0j>lc invagination. A cylindrical element 16 of 

cylinder p$$&jt& m a vertical position is used as starting 
element. 

This oylindr^<M**teinent is maintained by external means and the 
part of th^ v<^tCder which is above this element is introduced 
inside the <^J&<ter -by folding along a circle, then push downwards 
until such d*^tr|irted height as seen fit. 

In this $ttQ*14$tH one seoures the first vertical fold so obtained 
just above ^£n*fc»ting cylindrical element, or slightly under, 
and one neo^^^Ui a new folding procedure. 

In this manner <the total part of the cylinder above the starting 
cylindrical *?*m*rtt 16 finds itself folded within the height of 
this startup ^^ItftdMcal element 16, or slightly greater height, 
this in ordeir%S 6reate, with the starting element a cylindrical 
torus With a^^l^lmess roughly equal to the sum of the thickness 
of all the * 
The same 
oylinder of 

One ther^ftS|B|^^iS>- a stack of all three telescope storeys and 

r 17 of the bevelled sun shade. 




folds. 

&a£ces place with the bottom part of bitruncated 
escope envelope. 




The mirror 



H&aamber 18 is stretched downwards by a centered 
mast 21 atifl»|p£ ^communications between the telescope said the 
outside, bfc^ Sffl^t carrying solar panels, reactive means of 



positioning 
Folding 




ecommunication means, not shown. 



ffe a spokes like manner. (Pig 6, 7, 8) According 



the former .e&&-.**aoh stage of the telescope is made of a central 
chamber ti^ v *j three or four arms 23 (Fig. 2 and 4) to a 
cylinder 2 ^^^^t one end. 

The verticsdr^l^^gr by invagination having be achieved, the three 
chambers Bg^^aSiAmd.. The nine or twelve arms 23 are stacked as 
well, three 
Folding tel 
invention, is $ 




a spokes like manner, according to the 
-+ Implemented with a number of spokes multiple of 
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scrolling *ai the contaot surface . around the telescope 

6croNL : "^v;: ; ' 

The bbttorfr&f^^ has a hole allowing the external mast 21 

Crumptetf^^^^ji-Of the bottom (Fig. 10). During the spokes 
folding, th»^^|*m of the cylinder closed at one end remains 
always in ^p^i^Nir of a perimeter determined by the spoke folds. 
Under thefce^^^^ons > the bottom 30 of the envelope, or 22 of 
the jaeke&v -||p* f» natural or assisted folding which is difficult 
to driw, ai$^g||feh is contained within a restricted space showed 
by wB^es^3^:^p^^9>. 

Unfolding telescope tubes (Fig. 4, 5). Unfolding vertical 

tubes 32 Ai^^^f^e closed tubes set up symmetrically around the 
close fet on#j^jj^^liiders 2 and 3, along a generating line. 
They Are R^S^^^^al with cylinders closed at one end 2 and 3 at 
heights idje^^^l 5 to those of the cylindrical elements of the 
telescopic ^^^i^tSieAks to braces 34 and 35 (Fig 4. 5). 
They are f^p^yby telescopio vertical invagination, in the same 
way as the^^pldttrs 2 and 3 V in cylindrical elements of same 
height as Up|^^Ttbe cylinder closed at one end and at the same 
time. '*:r!~'1: 

InsufTiating f^^^fS* infolding tubes , through openings 36 and 37, 
of a pressur|^^|^i5E. causes their expansion and that of the blind 
cylinders. - -4^^-:' ■ 

They are p^^flthe final stiffness of the blind cylinders. 
Folding ^ea^tpM fdfle example of implementation (Fig. 11, 12), the 
internal 24' S^^l^ernal 25 folding means are made of movable 
trolleys 26 ^^^j^ guided radially in an horizontal plane, by 
guides 36. fiQ^^ltted with linear devices 24 and 25 perpendicular 
to this pl^£j|j^fi* 'f&to to take a lower or higher position. 
In one paj^l^^^ ^tnplementation, the vertical elements are made 
of two or tfiS^Me^Wcal sub elements capable of relative closing 
motion whH^^|j^j^g parallel to each other. 

In this mannfif^$ftft motion devices can grad between their vertical 
components f^Sfi^@B|itric fold created by the vertical folding. 
Second itxif^^^^tion: tubular frame. The telescope 1 (Fig. 21), 



02-02-1998 19M8 



02 



a/26 



US/08/809620 (TE380129) 



15" 



20 



^0 



with opticarq^a**39. has three storeys 4. 5. and 6. and has a 
frame 40 ma^p$^ Many main tubes 41 . parallel and having the same 
length, eacK^f^ divided into two portions linked to storeys 4. 
5. and 6 ©FSgP telescope by parallel spacing tubes 42. 
Storeys 5 ie ^J^a^oiit equal distance from storeys 4 and 6. 
To these «rMHtfbes are added (Fig. 22) reinforcing tubes 43 
linking eleme#$&^f flexible junctions 44 of former tubes in the 
planes' defte(^^^|bte main tubes 41 taken two at a time. 
Elements of ^ffltig&fan 44 allow the continuity of the Internal space 
of thep fcuta9$ ./ v : 
Mirror? -45 
including ttgte: 
optical ^:lfp^^^ 24) . 
Active eleosg^^ the telescope are united in chambers 18, 19. 
and 20 toed££d^1the center of the three storeys 4, 5, and 6, and 
held at tho6te|iS^fiers by tubular arms, set in a star 23. and tied 
to tubes 4* 




membrane 46.1 are shown In a cut away 
axis and a tube 41. but limited to the 



Theses arms; 




25). are made of at least two tubes 23.1 and 



23.2 loc^ted : ^^ ^ the planes containing the optical axis and one 
tube 41, tufcHa^^U rbeing above tube 23.2. 

These tubesr^p.1 - and 23.2 are united at one of their ends to 
joints 44 locflS^^' ^t ends of tubes 41. and at their other ends to 
devices 23.^ r; '^ jj*er former art, of variable length, located on or 
inside the oh|||l^er IB. 19. and 20 and allowing, if necessary, 
chambers 1&» w^And 20 to be adjusted onto the optical axis 39 of 

Electrode <ai^^^^3.4 are drawn on tubes 23.1 or 23.2 (Fig. 26) 
so as to ad|g»C jQie (perpendicularity between optical axis and 
actuating taf^^^fras. and therefore, between optioal axis and 
mirror. 

In this imf|^^htation , the mirror and its actuating and 
protecting ?n^|p|)fanes are inside the frame. 
In a partict^^^i|{5iementation (Fig. 27), frame tubes 41 are not 
parallel anyni^eh but generate a tripod pyramidal mast. 
The triang_uteT^^&$e of the tripod mast is contained within a 
cirole whioh^J&meter is much less than the one of the mirror 45 
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and its a^Usf^g and protecting membranes » the latest being 
outside of *^j*p^&. 

Flextbles t^$S*. Frame tubes are made of flexible identical 
textile tubas 1 with complex annular structure (Fig. 30). 
The outsideHta^fle envelope 48 of the tube is covered with a 
black dull chosen for its absorbing capacity within the 

solar visible «^fc^£re and preferably of a conducting nature. 
The annular; Sgjip? 50. contained within the previous, and heat 
isolating, is fiSpa* of multiple layers which alternate open pores 
elastic foam *m reflecting film. 

One sealed textile tube 51 separates insulating zone 50 from the 
following acSffte zone 52 made of textile fiber 53 coated with 
liquid resin Which hardens under heat. 

Some of thewBf^lPibers 53 are distributed evenly in layers parallel 
to the axis bC^Bni tube in suoh a way to determine precisely the 
length of one^^i^Bnt of the tube. 

A flexible sej^d 1 textile tube 55 isolates aotive zone 52 from the 
free inside tube. 

On this tex^^*^t» 35, a ooating 57 is deposited which, in the 
presence of oyg^en gaz induces an exothermic reaotion. 
A film 58\ to the chosen gaz. prevents sticking of the 

coating onto- 5%641f during folding. 

In order to WftfiM and stiffen, one introduces, inside the folded 
and fl&^an^i^^§; a pressurized gaz 58 which can be the gaz that 
reacts: with ^p^^^j^ij&g . 

The exothQ^Gfi^Jrfe^ctlon , for instance a slow oxydation in the 
presence of- r ^|p£fn , rise the temperature, and this increased 
temperature i#^4ate the curing of the resin 54 which coated the 
fibers 53, aijd ill so doing insures the stiffness of the unfolded 
tube. ^ 

In a first ap|f||f£f^ : way. there is no reactive coating 57 nor any 
protective f^|^ L 66; the exothermic reaction is the result of two 
reactive gaz =SS :and 60 introduced simultaneously or sequentially 
in thet tube. 

In a second-aljpp^ate way. there is no coating 57 nor film 59; the 
resin 54 is ettifcd under the effect of a gaz. and the textile tube 
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containing tho^rssin 54 is porous for this gaz. 

Folding of 1si» ^rame. The zigzag folding is made by folding at 
regular intervjgfe the flattened tube over itself (Pig. 29a, 29b). 
The different i^QS are then laid over, folded (Pig. 30) and their 
^ enas tiea x» ^is^emanLs joining Lne tunes togetner ana to me 

elements 23^^^0n^ : the tubes to the chambers* 
Mirror and ajggy#%ing or protective membranes. 
First pr^err^ feplementa (Fig. 31). 

On takes a dl in an horizontal container 62 rotating 

(q smoothly aro)upBp vertical axis. Then, a small amount of another 
liquid 64 is £$3£ed over it all the way to the edge 63 of 
container 

This new U*gl4d^ will wet the edge 63 and will solidify by 
spontaneous of ^ijduoed curing thereby creating a membrane 46. 
fS" Second pi ^ f e i ^ed ^ Implementation. It differs from the one before in 
that the Itgfftg ^4 contains a dissolved product which , after 
evaporation gf ^he liquid 64, will leave a film onto the 
underlying i|gpuid. 

In a variant liquid 64 also contains suspended fibers. 

QO Third pr^era^v ft^piementation (Fig. 32). In this case, the liquid 
64 only oosttftfi^ Ju^pended fibers which, after evaporation , will 
oreate a f^r^^l^er susceptible to receive a resin that cam be 
cured. 

A smoothing J^^*' I s superimposed on the composite layer so that 
the roughness ; $£ this composite layer does not showing at the 
surface of tf^^^Uiing layer, or be smaller as a pre set value. 
Fourth pr^^gg^ Implementation. It differs from the first in that 
the liquid 64 fe Obtained by simultaneous or consecutive addition 
of two differ^ liquids. 
^0 Fifth pref^^&^jnplementation (Fig. 34). Liquid 64 is absent, and 
the membran? 46 is created by a liquid or a gaz that solidifies 
directly onto surface of the main liquid 61 . 
Sixth prefer^^^plementatlon (Fig. 33). The surface of the main 
liquid 61 is ftftft covered with a film 66 that became an 
Intermediary; nip^brane 66 onto which the liquid 64 is added or on 
which are bjwgfct one or several products that immediately harden 
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to create msg^^^B: 46. 

Reflecting lBg&& A reflecting medium is pub on the membrane while 
it is still on I3te rotating liquid 61, namely by the stacking 
layers haviftgv jaj?proprtate dielectric indices and appropriate 
thicknesses. 

Surface defgfjEg^ ] White it is still on main liquid 61, the membrane 
46 is locally c^^^d, by means in accordance with the former art. 
with a concbJfe|ft|fl covering in the shape of the surface designs 
46.1 , in so <tipp l^S^ting a number of annular electrodes centered 
on the opUt^^wft, acting upon the radius of ourvature, and a 
number of pJectrodes 46.2 acting upon local defects. 

Electronic sptjiggjl "ift tho membrane. The membrane 46 , while still on 
liquid 61, l?^p|^r<x>vered, by means of the former art. with a 
thin struotuc^ identical to that of an integrated multilayer 
circuit havfc^yqo^jucttng, insulating or semi conducting elements, 
contiguous o£ ^^^nposed . 

Electrical si^^^ ^of these surfaces designs is provided by surface 
conductors 46^31hked to a power supply through the center of the 
membrane. 

These surfa^ -designs IC, when integrated to the actuating 
membrane dfNifce mirror, allows, according to the invention, 
through the u*^# -a capacitive coupling between the membrane and 
the mirror, R^i^f control of the distance between mirror and 
membrane, a$E$ consequently the stabilization of the shape of the 
membranes y^|^s>crt the intervention of the central system. 
Protecting ms^p^e (Fig, 27. 43). According to the invention, in 



the case of a 16$^fer frame, one or several parabolic membranes 67 
and 67.1, hay^g: flanges 65.8 raised above mirror 45, are located 
behind actua^igSifnembrane 46. 

According to ^^it£v«ition , these membranes are made of a fibrous 
structure in^»|(t^rted with resin, the fiber being preferentially 
oriented par^p to the surface of the membrane. 
Membranes 6B and 69, located at the focal point and at the 
sagittal a^^|SW9Jt- protect these points from direct star light* 
A very narrifly band filter 70 (Fig. 50) proteots equally the 
monochrome^** Sagittal analyser from stray light. 
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e#f}£. Envelope 2 of telesoope 1 is Fitted at its 
' level of the mirror, with a coil 71 made of 
*5ito»nts 72 encircling said envelope 2 (Pig. 1). 
cf&afced generates, when activated by an eleotric 
c field parallel to the axis of the telescope. 




Actuating 

bottom , at 
conducting 
The coil so 
current , a 

The disoreter^p^3 of the actuating membrane will interact with 
this magnette r ;?|t^, so as to maintain the desired shape of said 
membrane to keep it centered on the optical axis of the 

telescope. 

In a pa^ca^^Ji^tomentat ion # the membrane fitted with discrete 

coils is met&ft&ed and constitutes the mirror of the telescope. 

The membr«W^ S3 fitted with coils 73 has only an approximate 

shape, and t&p39^ shape is given to the mirror membrane 45, its 
snape oein^ ^oeteramnea oy tne electrostatic roroes existing 

between th# <^y|M3tlng surface 74 of the mirror membrane and 

electrodes TS^^^atent on membrane 65 which has an approximate 

shape and is jU^d^ as actuating membrane. 

Mirror coflt^fitt* Surface electronic circuits integrated to the 
membrane dUStfS&fi manufacturing, control the potentials of the 



Q_Q eleotrodes 




opon the mirror, as well as the magnetic field 



of the membf^fl* 7 coils and the magnetic field of the telesoope. 
The metallis^^&^rfface 74 of the mirror 45, or any conducting 
surface, sft^^ the reflective surface be dielectric, will 
initially be 4$ \ 0 potential . 

Electrodes actuating membrane 46 are set at positive or 

negative po^^^|s # and as a result, decrease or increase the 

relative distf^i|R between mirror and actuating membrane* 

In this ma**££r, important local distorsion of the actuating 

membrane 4$ -will not prevent getting a perfect shape for the 

mirror. 

Surface IC l^fgSiye their instructions from control electronics 
which themse|^Js: pet their information from the sagittal analysing 
device. 

Macro and 3g|#i?o controls. The system, acoording to claim, 
separates lOfi^-^ftf© action acting on the actuating membrane 
through magftS&b fields interacting with the field of the coil. 
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and short n<snj» action acting through eleotric field between 
membranes'. 

Field scaiitt&p^^iB. 13). This dual system allows an important 
movement of *ha mirror 45 so that the optical axis 76 of the 
5" mirror will feff^sirle to scan a solid angle 77. while keeping the 
quality of the k Image at the focal plane 78 of the telescope. 
This sotide wQffEb"' 9T « determined by the limits of the passible 
magnetic a^^leotrostatic actions, in conjunction with the 
mechanical j^teg^oterisUcs of the membranes , of the energy 
|0 available and ^ fee values of the voltage of the power supplies. 
Mobile Bagit^f aiialyser (Fig. 13). The sagittal analyser, or any 
mirror contftefc devioe looated at the level of the sagittal 
segment # mi^i according to the invention, within a circle 
centered on ffifti optical axis 39 of the telescope, while staying 

( 5" pointed towa^l^^e intersection of the ideal extended surface of 
the mirror 45" >^Gd said initial optical axis 39. 
When in a rt^^ipsiti on , away from the initial optical axis, the 
sagittal ana^S|# 79 sends to the mirror electronic control devioe 
the irtforma*i#fl^ necessary to give to the mirror membrane its 

20 parabolic shftp^t or an y other shape required for a minimum of 
aberrations $iprtn£ their sagittal segment determined by the 
position of dggi| »%gtttal analyser 79. 

This mirror ^p^ wfll generate on the photoelectric reoeption 
matrioe 80 4&^e* ifnage 81 of objects located in a direction 
2»£" deviating tTom~$>r&viQus optical axis 39 at double the angle of the 
deviation of ^§ ^Qptioal axis of the mirror 45 as materialized by 
the sa^ttaU^^pfl^s^r 79. 

In order to c£^ens«te for loss of quality of the image 48 when 
far for the -<3^<|ai axis, the shape of the mirror 45 is optimized 
by the sagj^^j^alyser 79 itself, associated or not to a control 
device looa*f^^ (the focal plane 79, 78. 

Gimbctf mo^^l (^ig. 14). In order to point the mirror 4, the 
cylinder 82 C!<aS*Ping the mirror 45, possibly by an intermediate 
motor ring 83v ^d its membrane 46, is free to turn inside a solid 
35* angle. 

In a partic^r-ti^plementaUon, this cylinder 82 is gimbal mounted 
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along dlams£*^<S# and 85 and actuators 86 point the axis of the 
cylinder IqWmW$b the sagittal analyser. 

In another implementation (Fig. 15). the mirror and membrane 
centering og^S»t 43 is centered on ball Joint 87. 
5" Annular CFig, 16). In one particular implementation, the 

sagittal anmtyjtffr remains centered on the principal optical axis 
39 of the ta^g*^>e. 

The mirror -^g^e^ating line is progressively modified while 
preserving 0p£ Mirror circular symmetry. 
( 0 This <H^rs^tw ^«ich that the image 81 has a minimal aberration 
centered rte¥|L $8 which increase radially on the receiving 
photoelectric ^nSft*.r4oe 80, like a circular wave, in oonjunotion 
with ohengff ^ $1* mirror. 

This roceiv4f(pF^lbatrice 80 is scanned synchronously with the 
scanning of l^^-fi6 # the latest being the image with the minimum 
of abenrafciotiw- . 

In this manner* the field of least aberration image can be greatly 
expanded. 

In one pa^|$EH^ implementation, one or several photoelectric 
£0 receiving m^^p; 89 are moved in a circular or heliooidal fashion 
and scan the^^]*|^ aberration ring 88. thereby allowing scanning 
of a large aisep With photoelectric matrices of small area. 
Mirror and: iftfrci&^me folding (Fig. 18, 19). The mirror 45 and the 
actuating mfrt^ap^ 46 are made totally or in part of a material 
££T with shape 

After mantif&^tirjng. the mirror 45 and the membrane 46 are 
distorted in a way that this distorsion is retained until new 

conditions apgp^T, that brings back the initial shape. 
The membra^^ife concave; if one pushes (Fig* 18) the bottom of 
^0 the concavity sfc its center and perpendicularly to the tangent 
plane, it resift* a symmetrical circular distorsion which will 
intrude into- j$S££7 concavity . 

Examination it*te previously concave surface then reveals a 
concave per{gg|gg^l ring and a central convex surface. 
35" This central p^vex surface is equally pushed in the same 
conditions as ^T^re, and a new element of concave centered 
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surface can 

Pursuing wii& the creation of alternately concave and convex 
surfaces, onv ebifeins a surface resembling a series of oircular, 
centered waves ;G*ig. 18, 19 , and 20). 
£f The thickness of this folding can be small as one wishes. It only 
requires an inC£M$t in the number of waves. 

Once these waives fixed according to proper physical conditions, 
the almost : *lpr object so obtained can be first scrolled 
lengthwise L Wtfin rolled in a circle. 
(0 Windings f *rtr •tttife&fcing field. In order to allow, in conjunction 
with the attft^irr motor ring 83, the rotation of the mirror, 
several wind^^ ^e located on the blind cylinder 2, at the level 
of the mii^ife3£££ey. 

Powering thos^^ndings with the correct phases induces a rotating 
f 5* field that i^^^ftlie mirror. 
Rotating ooii|*|fi*r. 

First pr^eri^flJ^pJementation (Pig. 16 and 17). The edge 63 of a 
oircular rata^^^pitainer 62 is surmounted and in contact with a 
ring 90 havti^-#»i^dling means 40 , such as handles allowing this 
Q_Q ring to be : g^^^ii^ and taken away from the edge. 

The membrane: ^46 created when the film 64 solidifies, will stick 
the ring 9© ^ereby allowing this handling. 

Second pi^^WHi^ implementation (Pig. 18). The outside wall 92 of 
the contained ^ 6l surface of revolution. 
O C The membrane ^ epctends, by means of former art, with equal or 
greater thip^gg^s,, on the outside wall 92 of the container, 
previously <^A$^ with a non sticking product, and in so doing 
oreating a p^rjjp^erlca! flange 4.3 that increases the stiffness of 
this periphery, thereby allowing it to recover better and faster 
30 its original j . 

It ends with ^ -fucker band allowing handling. 

In a vaj*ie*ioS^F|ig. 19), the membrane extends on the inside wall 
of the oonteiirar In the shape of a flange 46.8 higher than the 
rotating li9^& 

^6" Third prefetg^-liriplementation (Fig, 19). The container 62 has a 
central circuit hole 93 limited by a wall 94 holding the liquid. 
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The external^ ^tt^afce 95 of wall 94 (facing the axis) has the shape 
of a cylindrical or conical surface of revolution* 
The membraw ^6 is extended , with increased thickness, on the 
external suixffcbs* 95, in so doing creating an annular central 
£~ flange 46,-4. 

This annular <SS||g$ge 46.4 is fitted with a cylindrical thiok part 
46.5, and next, vertloal divided thin strips 46.6 Joined together 
in a tamta^$fe($ 48.13. (Fig. 20) 

This terminal >tog 46.13 owns the physioal junotion of the 
iO membrane an* 6i oyJtnder 96 centered on optioal axis 39. 

These vertical e&fps increase the pliability of the bottom of the 
flange 46.4. 

Should the rag if gpftfl a^bs an actuating membrane, these vertical bands 
46.7 will be conducting and will connect at one end with the 
|5" surface designs^4$*l of the actuating membrane, and at the other 
end with tte^ ;^eetronic central oontrol device by means of 
cylinder 96. 

Fourth p i^j gj g ^g|| Implementation . In a variation, the membrane is 
extended, by » 4^fjage 46.9. in the inside surface of the wall of 

QO the Qontain«>M^Wl therefore raised above the rotating liquid. 

In another Y3^*ft (Fig 41). the membrane extended on the inside 
surface of tfe£ ~*v£JI of the container, goes down, along this wall, 
in the OTntra^^f^ing. creating a double flange 46.1®. 
Centering of : ^m: ggfifnbraiies. Conductive strips 46.8, and conductive 

25" rings 46.12 0? ~**ial placing regularly located, are deposited on 
the oylindri^^>art 46.5 of the flange 46.4. or of the flange 
46.10 or 45^1', 7 and shall serve of eleotrodes to center the 
membrane 46£^a vertical cylinder 96 oentered on optical axis of 
the telescope 1, and made integral with container 18. 
This vertiwlf ; ^a^nder whose diameter is lower than flanges 
diameter, 1$ fitted with electrodes 96.1 and 96.2 located to 
control the Ijg^ation of the flange 46.4 and therefore, of the 
membrane. 

In particular, according to the invention, rings 96.1 
perpendiowtyr tjo the cylinder axis, shall have a constant 
interval. diff^SSfctft of the spacing of equivalent rings 46.12 of 
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the flange, tfr order to equalize the gap between a number a of 
rings of the ^Hfeder and the gap between a number a-1 rings of 
the flange. 

In this manner, flange 46*4 can be displaced along cylinder 96, 
ij" playing on the- potentials of the different rings. 

Should the mSg^a^e be a mirror, the conductive strips 46.7 will 
conduct supftf&iS&a charge to the mirror. 

Two examples- ^f^rr&ngement (fig. 43) show parallel membranes and 

back to ba^k jregSibr^nte. 
10 Willful distinction of the rotating liquid. In order to obtain em 

exact porafe£i|$ ^fiape for the working membrane , or any other 

shapes close *6 tt> one must correct the shape of the rotating 

liquid in vi^^v of the various possible distortions. 

According to the invention , this compensation is achieved by 
1 5~ electrostatic t&tees acting upon the surface of the rotating 

liquid . 

Rotating coiptg|E^ (Fig . 44). The generating line of the bottom 
97 of the clr^xjtor container 62 containing the liquid under 
rotation sh^tttp preferably be parabolic. 

An intermedi^^ insulating film 98 is deposited on the surface of 
rotatifig li^ifefc 

A conductive ^j&r 98.1 is then deposited on this film 98. 
Charges of sS^i are brought on the superf ioisd conductive 

film 98.1, axH$r*0K central electrode 99 centred on axis of rotation 
of the rota£Aj^; liquid and on top. 

Thfe membrathlf^ : is then deposited on the conductive film 98.1. 
Intermediate jsp should be eliminated when the membrane should 
be separated; main liquid 61. 

Electrode 99 lftc31 be preferably a plurality of electrodes 99.1, 

centered on axis of rotation, and having 
the association of the size of different radius 
charges to these electrodes, produce a verified 



-ho 



with ann 
radius such 
and of the 





correction 

Measures ef$gg|te^ for several diameters by mechanical means, or 
optical means O^natlng at the sagittal segment, or in a plane 
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near the sufcgfttjev and measures of the ohamp existing near the 
surface m are ^Htectsd to pilot charges brought to the electrodes. 
Second prefeS^ ^embodiment. 

The interme^ib 1 f&n 98 does not necessary if the liquid 64. or 
the membrane ^* are conductive. 

A conduotlva Sim 98.1 is necessary if the liquid 64 or the 
membrane 4&-mrm insulating. 

The eleotr^defi-^^^HJ 99.1 are replaced or doubled by an electrode 
100, or electoffites 100.1 located under container 62, rotating or 
not with this -wntainer 62, and setting at selected potentials. 
The effect 6f iifcfcse electrodes will multiplyied by the dielectric 
constante of Ehe reoopient bottom that contain ferroelectric 
substances. 

Third prefettf^ ^bodiment. The shape correction is achieved 
after mami^^p^^ of the membrane. 

A conducting; $gr^rmosensitive membrane 46 Is laid on rotating 
liquid 61, ai^VF application of a corrective field, and elevation 
of the temp0^g£u£a v so as to have a small change of shape. 
It will take tfce corrected shape and keep it after cooling. 
Fourth pi - e f W jt jg fr «t)fchortiment » A insulating membrane 46, constituted 
without oorr^sU^n of shape on a conductive film 96, is submitted, 
after instalitog a correcting field, to a rise of temperature 
allowing to pjx£ it out of shape to follow the exact new shape, 
that it shall after the return to the starting temperature. 

Self poi nted £p<*t light telescope (Fig 45, 46). A secondary 
parabolic mirror k<0£, semi transparent according to the invention, 
is set in a GJ^s^rain type mounting. 

A laser 102 iggffi^fd at the top of the main mirror, or recessed, 
sends a bespjr? J laying the same diameter as the secondary mirror 
101. 

Part of thte^fcam 103.1 will be reflected towards and will 
constitute eggr beam emitted by the telescope. 
The tranismt^^l \ portion shall be focused, after complete crossing 
the dioptric dfcvfo© 104 (onto which is the secondary mirror), and 
after orossift| pia> containing the CCD matrix ICS receiving the 
image, and .$0>Tfraok. in a beam 103.2, on a tertiary parabolic 
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mirror 108 wiiieh shall form a point image 103.3 on the back of 
this image nesgrtjit matrix 105. 

Should this itSasirix be sufficiently transparent* it will be 
sensitized by this point like image; and if not. a second matrix 

£~ 105.1 will be installed on its back. 

Secondary n*tf*sr fFig 46). A portion of the light rays 107 issued 
by the object 1^ under scrutiny, after having be reflected by the 
main mirror 48> cross the secondary semi transparent mirror 101 
and the parallel surface 110 of the diopter 104 which carries 

I 0 mirror l»i. 

In a such W£s^, the convergent beam is not muoh distorded, 
particularly hays of this beam constituting the center of the 
image , and W0i image of the object under scrutiny at the focal 
plane, on tfe© jfagoeiving matrix, 
f 5" This matrix sees^t the same time the point representing beam and 
the image of : Igp^dbjeet under scrutiny. 

A servo contf** of the direction of the telescope then allows the 
image of the p££*ct under scrutiny and the laser reference point 
to coincide, therefore allows the beam to be directed towards 
0_O the object. 

Centering o^3£» laser beam. If the axis of the initial laser beam 
103 is not parallel to the axis of the third mirror 106. its point 
like image 1^59^; jgiven by the third mirror 106 is shifted away 
from its th^J^jUoal point on the matrix; a servo-control of 

2iT former art "fcftaS Jt t&ck there- 

Materialising #H^e optical axis. Chambers 19 and 20 or chambers 
IB and 19* or ^fdn elements of these chambers are made parallel by 
interferential ip^ns acoording the former art. while maintaining 
their spacix>gt^±oj|?tant. 
Centering *?J? tteal axis - 

First pref^s^P l^lementation (Fig 47). A spherical mirror 112, 
possibly ajmu|gr, is made part of chamber 19 or 20. This mirror 
112 is. to the invention, tied to the back of third 

mirror 106 «f*> better, is an integral part of it. 
The optical axis of this mirror defines, a priori, the optical 
axis 39 of telescope. 
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The ourvatin^oenter 112.1 of this mirror is located at the level 
of the other: ohittfcber. 

If a light sOOTfige 113 is placed close to the center of curvature 
of this mirrw. the later will generate an image 114 without 
aberration. 

If the light ggtfr^e is on the optical axis of mirror 112, the 
image is a3pfyffn that axis. 

According W^She invention (Fig 47), the light source 113 situated 
on the optl£a£ axis, is the image given by a flat mirror 
semi -transpafcafip* 148, of a real point like source 116. whioh is 
preferably o^i^p^iitimatic. 

This point like source 116 is a thin annular hole, made in a 
opaque screen* strongly lighted . 

The image il* L te: made of a central spot surrounded by diffracting 
rings* 

According to S&e invention, an image detection devioe 117 with 
extended capfi&ity in grey levels, preferencialy a CCD matrix with 
extended cap9£$t$r in grey level, is located at the level of image 
114 and pei^^i|6ularly to the optical axis. 

This CCD n«ttaXF^7 can be plane, but. according to the invention, 
it is spherioaiv *and -adjusted on the curvature center. 
According to ^Liitftier implementation, it can equally will be 
constituted ^^^m or three strips 117.1 or 117.2 symmetrically 
centered on *'i£$ff optical axis . 

If, as a rwgtf^lffi a relatif movement of the two ohambers, the 
image 114 oj^ |g$-^56urce 113 is not anymore centered on the optical 
axis of the T$ittoY> the matrix 117 will monitor a new centering. 
To that ef£*$^ matrix analyse the image 114 and finds the 
center of thifr^ittral spot and of the diffraotion rings. 
It than puts ^center on the optical axis, according means of 
the former 

Second pre£iE^adi implementation. Two or three devices of the first 
implementations «tet symmetrically around the optical axis, dear 
the region optical axis. 

This set-up is^aed to interlook chamber IB and 19, or elements of 
these chamborsv 
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Lighting a ia^pi outside of the optical axis* In order to light a 
target outsftfe the optical axis, it is enough to make the spot 
beam ff going dfit^6? r the main mirror, parallel to the incoming beam* 
This is obtain. ;ttfc a modification of the laser beam SO. 
£" Then, the po6^pp|ei image 103.3 of beam 103.2 on matrix 105 or on 
semi-traaispa$f|& tnatrix 105 at the focal plane, is off center. 
To bring the ta^fftt *m the target, it is therefore enough to put the 
point like bnag^ 103.3 on a symmetrical point of the image 108.1 
of the targe$3tto 
\0 Stray HghtfS^ ^Shbiild the observed object not be very bright, it 
will be locat^i' d^asclcly by two or three stars. 
In this fasfcfett, if the light diffused by the laser beam while 
crossing the yftgi&us media is enough to blot out the targeted 
object, these being much more luminous, will insure the 
1 5* correot 




First pf^BS^^ftt^dunentation. According to the invention (Pig 
46). a deWtfKftfele interferential filter 118. possibly having the 
shape of a poii$3l>> of a sphere, protect the front end of the image 
Q.0 receiving nw^^p^B from the monoohromatic laser beam 103. 

Second prmgmr&ml implementation. An interferential filter, 
possibly havl^|-^hp shape of a portion of a sphere, proteots the 
receiving m*&& from stray light emanating from the sagittal 
analyser. 

Choosing a moi^p|iromatio sagittal analyser source having the same 
wave length *ws the laser, will enable the same interferential 
filter to profcff&t the matrix from stray light coming from the 
laser. 

Third prefePT^l implementation . Inserting an interferential filter 
transmitting opl^the received wave length, allows to do away with 
filtering the stf-Ay light coming from the sagittal analyser. 
Mask mirror. The center of the semi-reflecting mirror 101 is 
totally refteQ^ig on the same surface as matrix 105. 
In this maqtggp • the laser beam 103 will not reaoh the image 
3$*" receiving Bga^i 405. 

Sagittal aagr^psfK For eaoh particular curve of revolution there 
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exists a biun**fi>Gai relation between a point 120, or 120*1 of the 
sagittal segment lt9 and the radius 121, or 121.1 of a centered 
ring of the MEtte of revolution. 

If one knows relation supposed to exist between the radius 121 
and point 120 , cSie can modify the surface under investigation in 
order that it satisfies this relation (Pig 49, 50). 
Light souroe ««$&tal analyser. To avoid a defect of revolution 
of the mirror *t|$Bf> light source 122 must be on the optical axis 
39.1 of the ^ng^r iFig 47). 
I O It cannot be ^ij^sically on this axis since this axis is on the 
sagittal segga$^$tmt must be examined. 

According to $8se invention, a semi-transparent mirror 123 
generates tto lOrtiial image 124 of the source 122 on the optical 
axis, a looafcfc»fv ehosen to be the bottom of the sagittal segment 
f 5" 120. 

In this mamtsav t^is light source can be more easily be complex. 
It will be, efcOSorcfing to the invention, the point like image of a 
monoohromat^%jser beam 125 as generated by the semi-transparent 
mirror 123. 

Q.O Acquisition J^^e image (Fig 48). As soon as the mirror 45 is 
stiffened by f jf&irostatio charges and by rotation* it generates a 
blob -image IffiS of source 72 of the sagittal analyser, image 
centered on il^^ptlcal axis 39.1. 

This image wjafc very far from the teoretical axis 39 of the 
CLS~ telescope , and^od&sequently very far from the sagittal analyser. 
Auxiliary so***n. According to the invention, a large size 
auxiliary sorfti^ 127 . perpendicular to the optical axis 39 is 
situated beyond tlie sagittal analyser (Fig 48). or on this side 
but in that "with a central aperture having the side of the 

sagittal anal£$0F- The non pinpoint image 126 of the sagittal 
analyser soqMgy 124 appears on screen 127. 

An electronic joajnera examines this screen and take hold image 126 
of souroe 12£>-" 

The electron*?* octroi device of the mirror 45 brings this image 
^ 5~ at the center *f screen 127 where the sagittal analyser stands. 

This sagittal -^nalyser centers image 126 on its own center. 
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located on the^^teeiFed optical axis 39. 

Control prtn^^te. This sagittal analyser is made (Fig 50), 
according to t^a Invention, of a photoeletric matrix 128 and a 
screen 120 scg&tJgRg the sagittal segment 119 of the mirror 45. 
5" This opaque screen 129. perpendicular to the optical axis 39, and 
with hole 191 centered on this axis at a particular point 120 of 
the sagittal 6|graent 119, intercepts the conical sheets that do 
not pass through point 120 and does not intercept the conical 
sheet which pai&es through this point 120 of the sagittal segment. 
1 0 This conical 4he*t leans upon a ring of radius 121 of mirror 4 . 
and trace a ffing of radius 130 on the photoeleotrio matrix 128. 
The radius ISflS' of this ring is proportional to the corresponding 
radius 121 of $he mirror 45 being scrutinized. 

When hole iSQS ^gpiores the sagittal segment 119, the ring of 
l$~ radius 130 ^pfkB over photoeleotric matrix 128. 

One can este^fth a particular correspondence between points 120 
of the sagitt^-se^ment and the radius of the corresponding rings. 
Image exain^g^g^ matrix . 

First pt^ei^^ ifnplementation. According to the invention, the 
Q_0 photoelectric watinix 128 , with extended capacity in levels of 
grey, perpan^&^^atr to optioal axis 39 and centered on this axis, 
is located a* *st£nie distance from the sagittal segment 119, going 
away from^ -til^^rflr^or. 

According to tfte invention, the photoelectric matrix is a portion 
of sphere oeftfcWfitf on the middle of the sagittal segment. 
Second pref«?*e** implementation . According to the invention, the 
matrix can be»¥§S|tt&0d to a number of matrioial segments centered 
on the optic©} "^xfe and equally distributed around this axis. 
Sagittal annj^ftB^ >screen, 
^0 First preferred Implementation (Fig 50). The screen 129 is, 
according to invention, a photoelectric matrix whose central 
pixel is replspsdv by a hole 131 . 

This matrix 12SMs capable of a movement parallel to the optioal 
axis 39, in sd dotatg enabling hole 131 to explore the desired 
3>£~ sagittal seg^gg£ 119. 

The avantagfr <>F a photoeleotric matrix over the screen stands in 
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the f&et Ih&fr - the matrix can center the spot image 126 on the 
aotive area* Ifora the start of control of mirror 57, and can re 
center again after any operating incident. 

Second pref«g»di Implementation (Fig 51). The mobile screen 129 is 
5* replaced by a stack of polarizing cells 129.1, particularly liquid 
crystals, havSftg -am inactive central portion 131.1. 
These cells oafi simulate a flat screen having a hole 131 on the 
optical axis 3ft and moving perpendicularly to its plane. 
In a particular implementation, the polarizer is unique and the 
(O polarizing sorbins are made of crossed analysers. 

Third prePe£C&$ Implementation. The oentral portion of mirror 45 
is not used. 

The mirror examining matrix 128 has a central aperture through 
which pass a ^toder 132 at the end of which is a photoelectric 
f£~ matrix 133 centered on the optical axis 39. 

The cylinder :<GttR move along the optical axis and can therefore 
explore the ^pttai segment 119. 

When the spofc image 126 is brought on matrix 128, this latest 
centers it on 42tye> matrix whioh them centers the sagittal segment. 
Independent ti3^3$n of the membranes. Aocording to the invention* 
the membrBt)<y^tefi» a rotationnal movement independent of that of 
the telescope* 

This rotation is actuated, aocording to the invention, by the 

rotation of fcfte ;$j£tader 96 . 

.... • , 

£<T Earth bound ^lesoope (Pig 54). It has three storeys 4, 5, 6 f the 
chambers 18, £j§i the sagittal analyser, the membraneous mirror 
and the emtfp^^|taser. 

The three ch^iH^rs are made integral by optical means. 
The frame is ^tat- of the first preferred implementation with 4 or 
<^0 6 tubes 41. 

Former art *$jifto$phertc turbulence compensating devloes will 
cooperate wffift i^ie sagittal analyser to give the best possible 
image. 

To put the mincer outside of atmospheric movements there will be, 
inside the a air tight cylindrical jacket 134 the diameter 

of which is ^W^Mf greater to that of the mirror, and which can 
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be fed with sSghl over pressure (Fig 54). 

This Jaoket 15 made of sound proofing material, chiefly by 
alternating, structural materials of various densities. 
The upper f¥of&lon of this jaoket is closed by a transparent 
£~ membrane iSS, perpendicular to the optical axis. 

This membfafSft is tied to a rigid ring 136 situated on the top of 
the jaoket* 

It is placed JuSt under the stage 5 containing the fooal point. 
A flange 13? > Winding the jaoket over a certain height protects 
10 this membra»^fSom stray lights. 

An over pressure is created within the jaoket so that membrane 135 

This jacket is i; 3i]bf^pd to a meohanioal orienting system, not shown, 

independent 4£|^fc^£$s&em orientating the mirror, so that the wind 
| 5" gusts which ftf&* ; a considerable effect on its great area oannot 

have AAjf Gf&S8&r6& Xhe mirror or on the frame. 

Floating ffiteflfc* According to the invention, the membraneous 

mirror 45 has a parabolic shape and floats or is semi floating. 

It has a Pledger 46.3 which covers, while leaving a small space, a 
Q_0 rigid support receiving the actuating membrane 46 of the 

astronomical *$&£$%<fype . 

It also has a &*Wgs 46.4 intruding into the central hole 139 of 
the rigid ci^ulir support 136. 

These flanged &16w the periphery and the central portion of the 
mirror to be centered, and also allow its central eleotrioal 
connection. 

Rigid circMi^^j^fpMNr^. (figures 55 and 56) 

First preter^£3^ implementation . The rigid oiroular support is 
fitted with stfgf^ce electrodes 46.1 which allow control of the 
^ 0 shape of the intircor under the control of the sagittal analyser of 
chamber 20. 

According to ^>e invention, this rigid circular support supports, 
(figure 85), a j^aboltc membrane 46 slightly stretched by a small 
under presst&%-. in such a manner as not to alter its initial 
*3»iT parabolic shape; 

Aotive annuj&r cover 139 and 140, fitted with surface devices 
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facing the mtaco^ 45, help in controlling the edge and the central 

portion of t^g^rtiirror. 

Second pr*ffei^*4 implementation . 

This rigid circular support (figure 56) has a concave parabolic 
surface, onto s*Ud surface are surface devices 46.1 aotuating the 
mirror 4S. 

To increase t/ft$r efficacy of this control, there is a ferroelectric 
layer in the^fpf^. 

Space te le sosf ^ ^th detachable mirror storey (Fig 52, S3). In a 
10 particular ttrt&dc&nent, the telescope 1 is made of two separated 
elements reunited* in space after installation of the mirror and 
the actuatin$*flp^&brane in mirror storey 4. 

Envelope 2 aiftfc jacket 3 are each made of two separate elements 
which can i^E^icieted: 
/£" a) the upper csyj in drioal open element comprising focal plane 
storey 5 and fitoney 6 containing the centre of curvature, 
b) the lower cylindrical closed element comprising mirror storey 
4. 

A linking deviSft fellows the reunion of these two elements. 
0_O Integrated i^Ii&able circular tubes 8, and envelope-jacket 

: :r-.,.r_T - . r 

linking rings* ^ n^alntain the oircular shape of the bottom of the 
upper element jajd the top of the lower element. 
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